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是目前关于 Gab2 基因表达的调控机制还不清楚，制约了以 Gab2 为靶点的肝癌
的预防及治疗。因此本课题着力研究 Gab2 基因转录的调控机制，以期发现其中
的关键环节，为研发 Gab2 的靶向药物提供理论基础。 
我们首先扩增人 Gab2 基因启动子区不同长度的截短 DNA 片段，将其插入
pGL6-Basic 荧光素酶表达载体中，利用双荧光素酶报告基因系统检测所构建的
不同长度片段的启动子活性，确定了在肝癌细胞中 Gab2 基因转录的核心启动子
区域。 基于这个转录活性区域，我们利用 JASPER，Match 和 PROMO 等生物信
息学网站，对 Gab2 潜在的转录因子结合位点进行预测, 发现多个候选转录因子。
根据对这些转录因子的评估，我们选择了其中最有可能的转录因子 Foxd3
（Forkhead box D3）进行了检测。染色质免疫沉淀 PCR(ChIP-qPCR)实验结果显


















析显示，Foxd3 抑制 Gab2 基因的转录表达。同时这个结果验证了 Foxd3 是 Gab2
基因表达的转录因子，通过结合到启动子上调控 Gab2 的基因转录。 
综合上述，本课题从调控 Gab2 基因转录的转录因子入手，初步揭示了 Gab2
基因表达的调控机制，建立了一套研究 Gab2 表达机制的技术体系，发现了一些
有效的候选调控转录因子，为进一步的深入研究奠定了基础。特别是我们初步确
认 Foxd3 是 Gab2 基因表达的转录因子，不仅证明我们建立的体系是成功可行的，







































Primary hepatocellular carcinoma is currently representing the third leading 
cause of male-related deaths worldwide. Hepatocellular carcinoma (HCC) is an 
aggressive and high mortality malignancy with the five-year survival rate less than 
5% in China，HCC serious threat to human life and health and in urgent need of 
developing effective treatments. Many therapeutic methods have been tried in cancer 
including HCC, such as systemic therapy that combined multiple drugs、molecular 
target therapy and immune therapy (current research interests). Same as other cancer, 
the molecular targets of therapy is a good example of HCC but still making slow 
progress. 
Gab2 is a scaffold protein which is similar to the insulin receptor substrate, can 
integrate a variety of signals and play an important role in the signal network. In our 
previous work，Gab2 was found to be the key protein of fatty liver disease. Otherwise, 
Gab2 can also promote the proliferation, invasion and metastasis of HCC cells and 
promote the development of hepatocellular carcinoma through the integration of Jak2 
/ Stat3 signal pathway. Therefore，Gab2 may serve as a key node for the integration of 
HCC signaling, the development of disease is promoted by the combination of various 
signals induced by disease factors. HCC often involves a complex mechanism，the 
therapies of single or a small amount of signal therapy are minimally effective, but the 
therapies of Gab2 could potentially change the signaling pathways of multiple 
diseases, effectively changing the direction of disease. Therefore, reducing the 
expression level of Gab2 may be an effective way to prevent and treat liver cancer. 
Unfortunately, the current mechanism of gene expression regulation of Gab2 gene is 
still unknown, restricting the prevention of liver cancer of Gab2. Therefore, our study 
focus on the regulation mechanisms of Gab2 gene transcription have been found, 
which provide the basis for the development of Gab2. 
We first amplified different length of DNA fragments in Gab2 gene promoter, 
inserted it into pGL6 - Basic luciferase expression vector, tested the transcriptional 
activity of different length of DNA fragments in Gab2 promoter by using 
















HepG2 cell. Based on this transcriptional active region, we then predicted the 
transcription factor binding site of Gab2 promoter region by using the bioinformatics 
software JASPER，Match and PROMO, and found multiple candidate transcription 
factors. Based on these transcription factors, we selected the most likely transcription 
factor, Foxd3, for further testing. To investigated whether Foxd3 indeed binds to the 
Gab2 promoter region, we using ChIP-qPCR and the result showed that the Gab2 
promoter was specifically pulled-down by a Foxd3-specific antibody. The results 
suggest that the transcription factor Foxd3 do binds to the Gab2 promoter region. 
Then a single base mutation was performed on the possible binding site of the Foxd3 
on Gab2 promoter, identified the core binding site of Foxd3. Transcription activity 
analysis also showed that Foxd3 inhibits the transcription expression of Gab2 genes. 
These results also confirmed that Foxd3 was a transcription factor for Gab2 gene 
expression, which was combined with the gene transcription of Gab2 on promoter 
   In conclusion, our study started with the transcription factor of Gab2 transcription 
regulation, preliminary revealed the Gab2 gene expression regulation mechanism, 
setted up a research technology system of Gab2 expression mechanism, and found 
some candidates of transcription factors, which laid a foundation for further research. 
In addition，we preliminary confirmed that Foxd3 is interacting transcription factor of 
Gab2 gene expression , which is not only prove that the system we have setted up is 
feasible, and also provide possible approach for prevention and treatment of liver 
cancer through regulating the expression of Gab2. 
 
























2015 年世界卫生组织发布的相关数据表明，预计到 2020 年，癌症病例每年
将新增 1600 例，届时全球癌症发病率将超过 50%，此外，世界范围内癌症导致
的死亡也在迅速崛起。不仅如此，中国的癌症情况也不容乐观。据相关统计，仅











图 1-1. 中国 2015 年新癌症病例和死亡(数以千计)按性别统计 
Fig1-1. Estimated New Cancer Cases and Deaths (Thousands) by Sex: China, 






















我国患者的 5 年生存率甚至不足 5%。肝癌多由病毒性肝炎、非酒精性脂肪肝












































发生的 DNA 的单核苷酸多态性、甲基化，以及微小 RNA 等[6]。众多小分子表达
水平也接连被发现与肝癌或癌症的发生发展有很强的相关性，如
lncRNA-HEIH[7]、磷脂酰肌醇蛋白多糖 3 以及 Wnt 信号抑制性蛋白 DKK1 等，











现异常升高。目前肝癌中研究较多的促癌基因是 N-ras 和 HBX [2]。研究发现，
HBX 蛋白可以整合 Ras／Raf／MAPK、MEKK1/JNK 及 PI3K／AKT／mTOR 等
信号通路，这些信号分子通路大都与细胞增殖及存活的过程相关。另外，抑癌基
因 DcR3 以及 PTTG1 等的异常表达也是引起肝癌发病率增加的原因[3]。常见的的


















挥着重要作用，只是目前我们对它们的了解还少之甚少，如 B 细胞迁移基因 2





目前，已经发现多条信号传导途径 RAS / RAF / MAPK，PI3K / AKT / mTOR，
HGF / c-MET，IGF，VEGF，PDGF 和 WNT/β-catenin 在肝癌发生发展中出现了
异常失调。其中，RAS / RAF / MAPK 是所有肝癌信号通路中是涉及最多同时也
是最主要的一条信号调控途径。晚期肝癌中 Ras／Raf／MAPK 信号的异常激活
已经有很多报道，如受体异常（EGFR 和 IGF 信号）、Ras 激酶抑制剂的失活以
及肝炎病毒蛋白的诱导（HBx 和 HBc 病毒核心蛋白）[15]。但目前市场上基于该
通路的靶向药物只有索拉非尼（抑制 B-Raf 的活性），其他药物仍处在研发阶段。
在众多信号通路中，WNT/β-catenin 途径的异常迄今为止最难以治疗，在大约 1/3
的肝癌患者中都检测到 WNT/β-catenin 途径的异常活化。WNT/β-catenin 途径主
要涉及三种复合物：配体/受体细胞膜复合物，细胞质 β-catenin 蛋白破坏复合物
和核 β-catenin 蛋白/TCF/LEF 转录复合物。一旦膜复合物被某些信号分子所激活，
细胞溶质破坏复合物会被去活化，导致细胞质中 β-catenin 含量上升，可与 TCF / 





PTEN 基因的表达量明显下降，解除了对 PI3K/AKT/mTOR 的抑制[17]。还有证据
表明，Hedgehog 也是一个重要调控点。当上游信号激活后，Hedgehog 可与其中


























    肝细胞癌是一个全球性的健康问题，其中约四分之三的肝癌是由于慢性乙肝
病毒和丙肝病毒感染所致，乙肝病毒 HBV 也一直被认为是导致肝癌发生的最大
帮凶。而事实上，世界上超过一半的肝细胞癌是归因于慢性乙型肝炎。而在中国，
乙肝的患病率极高，据国家疾病监督信息管理系统统计，仅在 2005 年至 2010 年
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